Global and regional systolicfunction during exercisewere studied at cardiac catheterization with biplane cineangiography and micromanometer pressures in three groups of patients: an ischemia group (n = 22) with exerciseinduced asynergy from coronary artery disease, a control group with no or minimal cardiovascular disease (n =5) and a "scar" group (n =5) with prior infarction and no new asynergy with exercise. Ventricular emptying curves at rest did not distinguish patients with coronary artery disease from control subjects. During exercise, end-systolic volume increased in all patients in the ischemia group; ejection fraction decreased from 62 to 51% p < 0.001) despite an increased end-diastolic volume. Stroke volume decreased from 65 to 58 ml/nr' (p < 0.001) and limited the average increase in cardiac index to 65%. The scar group had no decrease in stroke volume, but end-systolic volume failed to decrease during exercise, as it did in all control subjects (35 to 28 ml/m", p < 0.05).
Global and regional systolicfunction during exercisewere studied at cardiac catheterization with biplane cineangiography and micromanometer pressures in three groups of patients: an ischemia group (n = 22) with exerciseinduced asynergy from coronary artery disease, a control group with no or minimal cardiovascular disease (n =5) and a "scar" group (n =5) with prior infarction and no new asynergy with exercise. Ventricular emptying curves at rest did not distinguish patients with coronary artery disease from control subjects. During exercise, end-systolic volume increased in all patients in the ischemia group; ejection fraction decreased from 62 to 51% p < 0.001) despite an increased end-diastolic volume. Stroke volume decreased from 65 to 58 ml/nr' (p < 0.001) and limited the average increase in cardiac index to 65%. The scar group had no decrease in stroke volume, but end-systolic volume failed to decrease during exercise, as it did in all control subjects (35 to 28 ml/m", p < 0.05).
An exercise-induced decrease in peak left ventricular pressure in five patients (23%) in the ischemia group was not accompanied by more severe or extensive ischemia as judged by ejection phase indexes. There was a tendency for maximal positive first derivative of left ventricular pressure (dP/dt) to be less (1,912 versus 2,446 mm Hg/s, difference not significant), suggesting an abnormality of pressure generation, not shortening.
Left ventricular pump performance is augmented during exercise by alterations in sympathetic tone, loading conditions and heart rate, The increase in coronary flow to meet Global function during exercise in the ischemia group was determined, in part, by the extent of regional dysfunction. Those in whom between three and five regions of eight regions studied had abnormal fractional shortening during exercise had a 6% decrease in ejection fraction, while those with six to eight abnormal regions had a decrease in ejection fraction of 15% (p < 0.05).
In addition, function of nonischemic, noninfarcted myocardium was studied at the base of the left ventricle in those with exercise-induced anteroapical ischemia (n = 4) and those with anteroapical infarction (n = 4). Base fractional shortening and shortening velocity were greater at rest in those with infarction (39% and 1.6 circls, respectively) than in control subjects (31% and 1.0 circl s, respectively, p < 0.01), indicating a chronic augmentation of shortening. Base shortening velocity during exercise in those developing anteroapical ischemia increased from 1.1 to 1.4 circls (p < 0.005), suggesting an acute augmentation of function balancing the deterioration of anteroapical function.
Systolic function in coronary artery disease is determined by acute and chronic alterations in regional function. During exercise, there is an interplay between regional dysfunction from ischemia or infarction and regional hyperfunction of nonischemic myocardium which determines global performance. the greater myocardial oxygen demand is limited by coronary artery disease and results in an inhomogeneous contraction pattern. In experimental studies (1,2) of exercising dogs with partial coronary obstruction, some myocardial regions demonstrated ischemic dysfunction and others had exercise-induced augmented function. In human beings exercise performance in coronary artery disease has been most widely characterized by a decrease in left ventricular ejection fraction (3) (4) (5) . Although this appears to have utility for diagnosis, the effect of the complex interplay between exercise and ischemia on global and regional function cannot be appreciated by changes in ejection fraction alone.
This study presents data obtained at rest and during exercise in two groups of patients with coronary artery disease and in a control group to test the hypothe sis that global performance is determined, in part, by regional function of both ischemic and nonischemic myocardium. The roles of augmented preload and tachycardia are also examined. Chronic alterations in left ventricular function due to infarction and compensatory changes in noninfarcted myocardium are studied in a subgroup of patients.
A noteworthy aspect of this study is the utilization of biplane cineangiography and micromanometer pressures during catheterization to provide the best available raw data . Although numerous radionuclide studies of left ventricular function during exercise have made valuable contributions, limitations such as the lack of validation studies during exercise, the use of counts not volumes, the lack of accompanying pressure s and imprecise time landmarks in the cardiac cycle prevent an in-depth analy sis of function.
Methods
Study patients (Table 1) . The patients in this study were included in previously reported work (6) on diastolic function. Thirty-two patients (31 men and I woman) were evaluated by right and left heart catheterization and biplane cineangiography at rest and during supine bicycle exerci se. Five patient s were classified as the control group and had no or minim al cardiovascular disea se (two had no abnormalitie s, two had minimal coronary artery disease and one had minimal mitral valve prolapse). Twenty-two patient s had significant coronary artery disease (> 50% luminal diameter narrowing: 14 with three vessel. 4 with two vessel. 3 with one vessel and I with left main disease). All 22 had an exercise-induced regional wall motion abnormality (ischemia group) , with 13 having accompanying angina . Of this group, IS had no or minimal regional hypokinesia at rest and 7 with prior infarction had rest hypokine sia or akinesia (rest biplane ejection fraction was~55% in 20 of 22). An additional five patient s with prior infarction had a single large akinetic /dyskinetic area on the rest angiogram with reduced ejection fraction, but no new regional wall motion abnormalities with exercise ("scar" group). None of these had angina, two had normal coronary arterie s and three had single vessel disease of the coronary artery appropriate to the site of prior infarction.
Catheterization and cineangiography. Informed consent was obtained from all patients. Premedication consisted of 10 mg of chlordiazepoxide given orall y I hour before catheterization. Cardiovascular medications were withheld for 12 to 24 hour s before the study . Left ventricular pressure was measured with a Millar pigtail angiographic micromanometer introduced from the femoral artery . The pressures were recorded at a paper speed of 250 mm/s (Electronics for Medicine, model VRI6) simultaneously with the first derivative of pressure (dP/dt), an intracardiac phonocardiogram from the micromanometer signal and an intracardiac electrocardiogram from a right-sided electrode catheter. Before both rest and exercise recordings, the pressure was calibrated against a fluid-filled system. Biplan e left ventricular cineangiography was performed in the right anterior oblique (30°) and left anterior oblique (60°) pro jections at a filming rate of 50 frames/s o Volumes were calculated using the area-length method. Each angiographic frame had a digital time that corre sponded to time marks on the pressure recordings.
Exercise protocol. All patient s had precatheterization supine bicycle exerci se testing to determine the achieved work load and exercise limitations. At catheterization , pressures were recorded before and after attaching the patient' s feet to the bicycle device . All rest data presented here are from the period durin g the first angiogram with the feet in this elevated position . After the angiogr am at rest and a subsequent 12 to IS minute pause , exercise was begun at a low level. Patient s underwent progressively higher work loads until either angina or other limiting symptoms occurred or until they achie ved a predi cted submaximal heart rate based on the criteri a of sex, height and age . At the point of peak exercise, pressures were again recorded and simultaneous cineangiography was performed. Coronaryarteriography was completed after exercise using the Judkins techn ique .
Data analysis. Pressure tracings were digitized for an entire cardiac cycle by an electronic digitizer (Numonics Corporation) interfaced with a Digital computer (PDP 11/ 10). A previously described program (7 ) produced a printout of pressure and dP/dt values ever y 3 to 10 ms . Maximal positive dP/dt and peak left ventricular systolic pressure were identified.
Rest and exercise data were derived from beats selected during simultaneous pressure measurement and cineangiography. The beat analyzed was well opacified within 5 seconds of the beginning of injection. All beats were sinus, and postextrasystolic beats were excluded. Rest beats were from midinspiration, and exercise beats were average beats if any respiratory-related pressure changes were noted. No patient included had significant mitral regurgitation at rest or with exercise.
End-diastole was defined as the beginning of the rapid rise in left ventricular pressure immediately after the onset of the QRS complex. The angiographic frame closest to this point was used to compute end-diastolic volume. The endsystolic volume was the ventricular volume at the aortic closure. Ejection fraction, stroke volume and volumetric cardiac output were calculated in the usual manner. Volumes are reported as normalized to body surface area.
Left ventricular ejection time was estimated as the time interval between opening and closing of the aortic valve as identified angiographically. The intracardiac phonocardiogram showing the high frequency sound corresponding to aortic valve closure was used to complement the angiographic identification of valve closure. In a minority of cases, aortic valve opening could not be identified precisely by the angiogram, and the pre-ejection period was assumed to be 50 ms at rest and 40 ms during exercise (8) . The mean normalized systolic ejection rate was calculated by dividing the ejection fraction by the ejection time (8) . Using the same end-diastolic and end-ejection time references, ventricular emptying curves were constructed for all groups of patients at rest and during exercise (9) . Patients in the ischemia group with more than minimal rest asynergy were excluded from this part of the study. Frame by frame analysis of volumes was performed and then volumes were converted into percent of end-diastolic volume every 1/IOthof systole elapsed. Each patient had 11 (0 to 100%) coordinates of time and volume describing ejection. Volumes at times between frames were interpolated.
Regional function analysis. Regional wall motion analysis was completed for both right and left anterior oblique projections using a long-axis (mitral-aortic junction to apex) with three perpendicular, equidistant chords measuring the dimension at the base, middle and apex of the left ventricle. Regional function was quantitated by fractional shortening (expressed as a percent of end-diastolic chord dimension) and shortening velocity (10) . The influence of the extent of regional dysfunction on global function was studied by comparing global ejection fraction and regional fractional shortening, and global mean normalized systolic ejection rate and regional shortening velocity. The 22 patients with exercise-induced regional wall motion abnormalities were subgrouped on the basis of the extent of regional dysfunction with exercise utilizing eight regions (chords and long axes). A region was considered to have abnormal function if there was no increase in fractional shortening or shortening velocity during exercise. The change in ejection fraction during exercise was compared among the control group, patients in the ischemia group with three to five regions with abnormal fractional shortening and patients in the ischemia group with six to eight regions with abnormal function. Likewise, the change in mean normalized systolic ejection rate during exercise was compared among the control group, patients in the ischemia group with one to four regions with abnormal shortening velocity during exercise and patients in the ischemia group with five to eight regions with abnormal shortening velocity. This grouping was selected because patients in the control group had fewer than three regions not increasing fractional shortening during exercise and less than one region not increasing shortening velocity.
There is a diversity of regional dynamics in coronary artery disease during exercise that prevents the analysis of data from a large group of patients. In addition, there are known limitations of all reference systems for quantitating regional wall motion abnormalities. Therefore, by direct viewing of the angiograms, we selected four patients from the ischemia group with isolated anteroapical hypokinesia during exercise and four patients from the scar group with anteroapical infarction and compared them with the control patients. Rest and exercise regional fractional shortening and shortening velocity were compared for the right anterior oblique long axis and chords. In this manner, the base chord represented a normal or at least not clearly abnormal region of the left ventricle in all patients. In addition, the apical abnormality improves the utility of our reference system by limiting long-axis movements.
Statistics.
Results are presented as group means ± 1 standard deviation in tables and ± I standard error in figures. Rest and exercise data were tested for significant differences within groups by a paired t test. Differences between groups were tested by a one-way analysis of variance with significant differences being identified by Scheffe' s test.
Results
Data regarding global systolic performance at rest and during exercise for all groups of patients are presented in Table 2 .
Global Left Ventricular Function
Ejection fraction. All three groups of patients had an increase in end-diastolic volume with exercise, although only in the ischemia group was it significantly increased from 105 to 116 ml/rrr' (probability [p] < 0.001). There was considerable variation in the magnitude of change in end-diastolic volume with exercise (Fig. 1) . The effect of exercise on ejection fraction was clearly different in the three groups. In the control group, ejection fraction increased from 64 to 73% (p < 0.01), remained unchanged from 49 to 52% in the scar group and decreased from 62 to 51% (p < 0.001) in the ischemiagroup. Ejection fraction decreased despite a greater end-diastolic volume in most patients in the ischemia group because end-systolic volume index increased from 40 to 57 ml/rrr' (p < 0.001). All patients in the ischemiagroup had an increased end-systolic volume, but all patients in the control group had a decrease (mean reduction 35 to 28 rnl/rn"; p < 0.05) (Fig. 2) . There was no signifi cant change in end-systolic volume during exercise in the scar group.
Cardiac index. Volumetric cardiac index increased in all patients during exercise. In control subjects, it increased by an average of 11 2% from 4.2 to 8.8 liters/min per m 2 (p < 0.01). In the scar group, cardiac index increased 108% from4.1 to 8.2 liters/min per m 2 (p < 0.001), but increased only 65% in the ischemia group (4.3 to 6.9 liters/min per m 2 , p < 0.00 I). The augmented cardiac index in the control group was a result of an increase in both stroke volume index (61 to 74 ml/rn", p < 0.05) and heart rate (70 to 119 beats/min, p < 0.01). In the ischemia group, stroke volume index decreased from 65 to 58 ml/rrr' (p < 0.001) and was unchanged in the scar group. Thus, the augmented cardiac index during exercise was dueto exercise-inducedtachycardia.
Ejection time and ejection rate. Ejection dynamics were altered during exercise in all groups. In the control group, ejection time decreased from 304 to 248 ms (p < 0.05) and mean normalized systolic ejection rate increased from 2.1 to 3.0 end-diastolic volumes/s (p < 0.01). The ischemia group had a similar abbreviation of ejection time from 308 to 247 ms (p < 0.001), but mean normalized systolic ejection rate was unchanged during exercise at 2.0 end-diastolic volumes/s. The scar group had a reduction of ejection time from 256 to 200 ms and mean normalized systolic ejection rate increased from 1.9 to 2.6 end-diastolic volurnes/s (differences not signific ant). • _LL.
ation in the magnitude in individual patients.
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• (Fig . 3 an d 4) . At rest the ventricular emptying curve from the control group was not statistically different from that in a subset of 15 patients from the ischemia group with normal rest ejection fraction and no or minimal regional hypokinesia . Patients in the scar group had a rest emptying curve that 'showed significantly depressed ejectio n after 20% of systole had elapsed (p < Figure 3 . The left ventricular emptying curves at rest. The curves were constructed for the three group s with volumes from frame by frame analysis . The patients in the ischemia group (e ) with significant rest asynergy were excluded from this analysis . Even so, there was no difference in the ejection dynamics of these patients compared with control subjects (D.) at any time during ejection, including the first third of systole . The scar group (0) with abnormal rest ejection fraction had impaired left ventricular emptying, which became significan tly different (*) when 30% of systole elap sed. Data are mean values ± standard error . 0.05) . The emptying curve of the subset of patients from the ischemia group during exercise was similar to that of the scar group during exercise. After 30% of systole had elapsed the control group had a significantly smaller percentage of normalized volume remaining in the left ventricle compared with the other two groups.
Heart rate and dP/dt (Fig . 5) . Maximal positive first derivative of left ventricular pressure (dP/dt) increased in all patients during exercise but to a lower level in the ischemia group than in the other groups (p < 0.05 versus Figure 4 . Ventricular emptying curves during exercise in the same patients as in Figure 3 . Those developing new asynergy with exercise (ischemia group) have emptying curves very similar to those of patients with prior infarction but no new asynergy during exercise (scar group). The control group had augmen ted ventricular emptying during exercise . which was significantly greater (*) than in the other groups after 30% of systole had elapsed. 
Regional Left Ventricular Function
Control subjects versus ischemia group (Fig. 6 ). Subjects in the control group were compared with patient s in the ischemia group, who were classified by the extent of regional dysfunction. The control subjects had a mean increase in global ejection fraction of 9% and an average of six of eight regions increa sed fractional shortening during exercise. Seven of the 22 patients in the ischem ia group had three to five regions showing no improvement in fractional shortening during exer cise and they had a mean decrease of ejection fraction of 6%. Fifteen of the 22 patients in the ischemia group had six to eight regions with no improvement in fractional shortening and had a decrease of ejection fraction averaging 15%. All differences in change of ejection fraction between the group s were significant (p < 0.05).
Global systolic ejection rate versus regional shortening velocity (Fig. 6, right panel) . The net change of the global mean normalized systolic ejection rate was compared with regional shortening velocity . In the control patients, an average of 7. 2 of 8 regions had increased shortening velocity during exerci se and mean normalized systolic ejection rate increased by 0 .9 end-diastolic volume s/s. Eight of 22 patients in the ischemia group had one to four regions with no exercise improvement of shortening velocity , and mean normalized systolic ejection rate still improved an average of 0.3 end-diastolic volumes/s . But 14 of22 patients in the ischemia group having no improvement in shortening velocity in five to eight region s had a decrease of mean normal ized systolic ejection rate of 0.2 end-diastolic volumes/s . The change in this mean normalized rate was significantly different (p < 0.05) between the various groups.
Regional fractional shortening and shortening velocity (Tables 3 and 4) (Fig. 7 and 8 ). Regional fractional shortening and shortening veloc ity were measured in the control group, in four patient s in the ischemia group with anteroapical hypokine sia during exerci se and in four patient s in the scar group with anteroapic al infarction. At rest, fractional shortening and shortening velocity were reduced in the long axis and apex chord for the patient s with infarction . Long-axis fractional shortening was 8.5 compared with a control mean of 16.4% (NS) and shortening velocity was 0 .35 compared with 0. 55 circ/s (NS). Apical fractional shortening was only 14.5% and shortening velocity 0 .62 circ/s, which were less than the fractional shortening of Peak left ventricular systolic pressure. In all patients except five (23%) in the ischemia group , peak pressure increased during exerci se. Mean pressure in the ischemia group increased from 142 to 154 mm Hg (p < 0.01), in the control group from 130 to 157 mm Hg (p < 0.05 ) and in the scar group from 112 to 140 mm Hg (p < 0. 0 1). The 5 patients in the ischem ia group with an exercise-induced decrease in pressure were not significantly different in any other variables compared with the 17 patients in this group having an increase in pressure . Exercise ejection fraction was similar (48 versus 51%) , as was mean normaliz ed systolic ejection rate (2.0 versus 2.0 end-diastolic volumes/s). Maximal positive dP/dt was insignificantly lower during exercise (1,912 versus 2,446 mm Hg/s). In addition, the patients with an exercise -induced decrea se in peak pressure did not have more regions of the left ventricle without increases in fractional shorten ing during exercise (6 .2 versus 6.2 ) or in regional shortening velocity (4.4 versus 5.1 , NS). All five patients, however , did have severe coronary artery disease (three with three vessel , one with two vessel and one with left main disease ). FigureS. The mean (± standard errors) of heart rate and maximal positive first derivative of left ventricular pressure (dP/dt) coordinates for all groups at rest and during exercise. All groups had a significant increase in heart rate and maximal dP/dt , although maximal dP/dt increased less in the ischemia group than in the control (ll) and the scar (0) group . Figure 6 . Comparison of the effect of the extensiveness of regional dysfunction on global performance in patients in the control and ischemia groups. In the left panel , the extent of dysfunction is defined by the number of segments (regions) not increasing fractional shortening (FS) during exercise. The patients in the ischemia group with three to five abnormal regions during exercise had a decrease in ejection fraction (EF) of 6%; those with six to eight abnormal regions had a decrease of 15%. Likewise, in the right panel those with one to four regions with no increase in shortening velocity during exercise actually increased mean normalized systolic ejection rate (MNSER), while those with more extensive dysfunction had a de- 
Discussion
Coronary artery disease is the pri mary example of a disorde r ca usi ng regiona l left ve ntricular dysfu nction. C hro nic and acute regional dysfunction are typically the result of infarction and exercise-induced ischemia, respectively. This study presents data on several important aspects of systolic function in patients with coronary artery disease, including the importance of chronic and acute augmentation of apparently normal regions on the re lation between regional and global function , the effect of infarction and ischemia during exercise on a variety of isovolumic and ejection phase indexes and left ve ntricular dynamics in exercise-induced hypotension. Th e findin gs of this study are amplified by its use of accurate and time-ho nored techniqu es to measure simulta neous vo lume and pressure both at res t and during dynamic exercise. Control subjects (open ba rs) are contrasted to four patients with anteroapical ischemia during exercise (hatched bars) and four with anteroapical old infarction and no exercise-induced asynergy (bars with diagonal lines). The control group augmented fractional shortening in all regions (long-axis and three perpendicular chords). The infarction group had an augmentation of base shortening at rest that was maintained during exercise. In the ischemia group, base shortening was maintained during exercise while in other regions fractional shortening deteriorated (sec text for details). 
Global Pump Performance in Coronary Artery Disease
Global augmentation of left ventricular performance was noted during exercise in both groups of patients with coronary artery disease. Cardiac output. maximal positive dP/ dt and mean normalized systolic ejection rate increased despite the acute dysfunction of an ischemic region or the chronic dysfunction of an infarcted region. Yet the augmentation of pump performance was clearly suboptimal when compared with that of control patients and the mechanisms invoked were not normal. Patients developing ischemia during exercise increased cardiac output only by tachycardia because stroke volume decreased despite a greater end-di- astolic volume. Those with prior infarction also increased cardiac output by heart rate alone. In general, those with coronary artery disease were unable to achieve the reduction in end-systolic volume seen in all control subjects.
Role of extent and severity of regional dysfunction. An additional factor accounting for the variability in global performance during exercise-induced ischemia was the extensiveness of the regional dysfunction. The control group patients had a significant increase in both ejection fraction and mean normalized systolic ejection rate because nearly all regions in both projections of the left ventricle had augmented fractional shortening and shortening velocity. Regional dysfunction was extensive in some patients from the ischemia group and both global variables significantly declined. Less extensive dysfunction in other patients from the ischemia group resulted in less severe deterioration of the global variables.
Role of preload and afterload. Loading conditions are clearly altered in all groups during exercise and probably playa key role in our study of systolic function. Although preload alterations should have augmented regional shortening, changes in afterload may have played a more complex role in changing function. The assessment of regional afterload is particularly difficult with the presence of weakstrong segments, variable wall thickness, abnormal chamber configuration and diverse changes in systolic pressure during exercise. The increasing end-systolic volume and diastolic pressures could have had a snowball effect by increasing load and reducing coronary blood flow to areas of myocardium not initially ischemic.
Acute and Chronic Regional Hyperfunction
The corollary of our definition of regional dysfunction is that many patients with exercise-induced ischemia also had areas of augmented fractional shortening and shortening velocity. The subgroup with anteroapical ischemia demonstrated an increase in function in the base of the left ventricle, even though all four patients had triple vessel disease, which could have limited a further augmentation of function. Pfisterer and Emmenegger (II), using radionuc1ide methods, found augmented Shortening in nonischemic areas during exercise in patients with isolated left anterior descending artery disease. The mechanism for this regional increase in function may involve alterations in loading conditions and contractility as in the normal ventricle, but as mentioned, additional factors are present in the ischemic left ventricle.
Mechanism of augmented regional function. Patients with a distant anteroapical infarction had a rest augmentation of regional function in the base of the left ventricle. Hood et al. (12) reported increased fractional shortening of uninfarcted areas in an animal model. Similarly Theroux et al. (13) noted an increase of 21 to 29% in fractional shortening of a control segment of myocardium in conscious dogs 4 weeks after infarction. The mechanisms for this augmented function are not, at present, fully understood. An increased preload, as suggested by an increased enddiastolicvolume, may augmentfunction and has been shown with animal data (13) . The large akinetic/dyskinetic area could alter the afterloaddetermining the extentof base shortening. Hypertrophy of the basal myocardium is a further possible mechanism . Elevation of wallstress after infarction may induce hypertrophy in viable myocardium . The role of hypertrophy in left ventricular function in chronic coronary artery disease has been the subject of only a few studies (14, 15) . Meester et al. (14) noted an increase in left ventricular mass in patients with coronary artery disease that was independent of systemic hypertension and regressed after bypass surgery.
Chronic Structural Changes
Hypertrophy. The repetitive occurrenceof known stimuli for hypertrophy, including increased wall stress and hypoxia (16, 17) , may induce hypertrophy in ischemic and nonischemic myocardium of patients with coronary artery disease. Preliminary operative biopsy information from our patients shows a mean muscle fiberdiameter of 28 JL (upper limit normal 20 J.L) from areas with and without asynergy (18) .
Fibrosis. Afurtherchronicstructural alteration thatcould influence both rest and exercise function is fibrosis. Significant amounts of patchy fibrosis have been reported in patients with coronary artery disease who exhibit no asynergy at rest and who have no history of infarction (19) . An average of 25% wall fibrosis in postoperative patients with aortic valve disease does not alter the rest ejection fraction (20) , yet under the stress of exercise patients with increased wall fibrosis may have suboptimal left ventricular function independent of the development of ischemia. Bodenheimer et al. (21) showed that the likelihood of improvement in rest contraction abnormalities after coronary bypass surgery depends on the degree of fibrosis in the abnormally contractingregion. This concept may have a parallel in exercise function before and after bypass surgery.
Role of other factors. Other factors may affect the response to exercise in patients and necessitate caution in comparing this study with experimental studies. Coronary artery disease is frequentl y a diffuse process with great variety while experimental studies have utilized an isolated, single, controlled stenosis (1 ,2). Both the amount of ischemia and the normality of nonischemic areas are likely to be different in clinical studies. In addition, age, level of exercise, type of exercise, peripheral hemodynamics, medications and the presence of other diseases arc important determinants of left ventricular performance that cannot be well controlled in clinical studies (22) (23) (24) .
Detection of coronary artery disease. The majority of patients in this study had severe coronary artery disease and thus, the sensitivity and specificity of the systolic variables for detecting coronary disease cannot be examined. Yet several comments can be made regarding other studies. First, some of the variability in ejection fraction response is due to changes in end-diastolic volume, frequently not measured in noninvasive studies. Second, the exercise-induced increase in end-systolic volume in all patients in the ischemia group and the decrease in all control patients are probably major factors in the utility of systolic pressure/end-systolic volume ratio alterations suggested by some authors (25) . Furthermore, the smaller increase in peak left ventricular pressure during ischemiacould magnifydifferences between normal subjects and patients with coronary disease.
Early systolic ejection phase variables have been suggested as a means to identify patients with coronary artery disease with a normal rest ejection fraction (26, 27) . However, we and others (9) found no important differences in the volume ejected in early systole in such patients. Why these different studies do not agree remains unclear. From the present data, it seems that exercise has clear advantages for detecting patients with coronary disease when compared with quantitating minimal rest abnormalities.
Exercise-Induced Hypotension
Previous studies (28, 29) have shown that an exerciseinduced decreasein systolicpressureis one factorsuggesting anatomically severe coronary artery disease. Our data are in agreement, but we did not find that an exercise-induced decrease in peak left ventricular systolic pressure during ischemia distinguished those patients with more extensive regional or global dysfunction . This was particularly evident when dysfunction was quantitated by the ejection phase indexes of ejection fraction and mean normalized systolic ejection rate. Because these indexes are sensitive to afterload, it is conceivable that a lower peak systolic pressure due, in part, to abnormal peripheral dynamics allowed greater shortening despite more severe ischemia (30) . The isovolumic index of maximal positivedP/dt did show a tendency to be lower in those withexertional hypotension. The present data are most compatible with exertional hypotension being a combination of severely impaired pressure generation in the left ventricle and peripheral dynamics, not severely impaired shortening.
